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ELIRIUM IS A common and significant problem because it is associated with increased mortality, longer intensive care unit (ICU) and hospital stays and a longer duration of mechanical ventilation. 1, 2 Because pharmacologic treatments for delirium have not been successful, the focus of current scientific efforts has shifted from treatment of this syndrome to prevention. Recent studies have attempted to outline the general pathophysiology and risk factors of delirium. The etiology of delirium is multifactorial, and the number of factors that contribute to its development varies among patients. 3 Many parameters have been examined to determine their association with delirium, and these investigations have yielded conflicting results.
In cardiac surgery, postoperative delirium is a serious problem because of its high incidence and its impact on clinical outcomes. 4 Recently, investigators have identified several risk factors for postoperative delirium. For example, postoperative delirium in cardiac surgery is associated with older age, a history of depression, abnormal sodium and potassium values, anemia, and the type of surgery. [5] [6] [7] Although some of these factors cannot be modified, others could be used for preventive care. 8, 9 By using a standardized delirium assessment method, such as the Intensive Care Delirium Screening Checklist (ICDSC) or the Confusion Assessment Method for Intensive Care (CAM-ICU), and the Richmond Agitation-Sedation Scale (RASS), delirium can be divided into 3 subtypes: hypoactive, hyperactive, and a combination of both types (mixed form). [10] [11] [12] [13] According to O'Keeffe and Lavan, 14 the subtypes can be identified from the patient's pattern of psychomotor activity and alertness. Hypoactive delirium is characterized by unawareness, decreased alertness, lethargy, and decreased motor activity. The symptoms of hyperactive delirium are hypervigilance, restlessness, irritability, combativeness, and distractibility. The mixed type of delirium represents a combination of criteria for both types. 15 It can be assumed that each delirium subtype has a special etiology and, therefore, a unique set of risk factors. 16 Although patients with encephalopathy usually have hypoactive delirium, pharmacologically-induced delirium typically is hyperactive. 14 Studies that analyze these special risk factors for each subtype in cardiac surgery patients currently are lacking. Because early intervention could influence the incidence of cardiac surgery-associated delirium, it is of the utmost importance to detect these relevant predicting factors.
The authors tested the hypothesis that the risk factors and the impact of the outcome of delirium differ among the delirium subtypes. Therefore, the present study was designed to determine the incidence of postoperative early-onset delirium and its subtypes after cardiac surgery using the ICDSC and the RASS. The second aim was to identify risk factors for the development of the subtypes of delirium and the impacts of the subtypes on clinical outcomes.
MATERIALS AND METHODS
After approval by the local Ethics Committee, all patients undergoing cardiac surgery in the authors' clinic were screened after admission to the ICU between May 2008 and November 2008. The requirement for informed consent was waived by the Ethics Committee. Patients who were readmitted to the ICU, patients who were comatose during the first 3 postoperative days, and patients who were deeply sedated and could not be examined neurologically were excluded. The definitions of comatose patients and deep sedation were determined based on a RASS score from Ϫ4 to Ϫ5 and based on ICDSC scoring.
Standard surgical and anesthesia techniques were used for all patients. After the induction of anesthesia with fentanyl, etomidate, and pancuronium, anesthesia was maintained with sevoflurane and supplemented with bolus doses of fentanyl and pancuronium. Cardiopulmonary bypass was performed according to standard techniques for conventional extracorporeal circulation (ECC) and a miniaturized extracorporeal circulation (MECC; MAQUET Cardiopulmonary AG, Hirrlingen, Germany) system (mean arterial pressure Ͼ60 mmHg, blood flow 2.5 L/min/m 2 , temperature 33°-34°C). The MECC system is a closed, preconnected extracorporeal system that contains a diffusion membrane oxygenator and centrifugal pump. The ECC consisted of a roller pump, a diffusion membrane oxygenator, and a hard-shell venous reservoir. Cardiac arrest was induced with a modified Calafiore cardioplegia solution. The postoperative procedures were identical for all patients. Postoperative sedation was performed with propofol and fentanyl or sufentanil. The dosage of opioids was expressed as morphine equivalents. Once patients' body temperature reached 36°C and their condition was satisfactory, sedation was ceased, and extubation was accomplished.
The delirium assessment of all included patients was conducted during the first 3 postoperative days (including patients who had left the ICU) with the aid of the ICDSC and the Behavioral Pain Scale (BPS) because pain has been associated with delirium. The ICDSC is an 8-item screening tool that circumvents the communicative limitations of ICU patients. The evaluation process included an assessment of consciousness, inattention, orientation, the presence of hallucinations or delusions, psychomotor agitation, inappropriate speech or mood, sleep cycle disturbances, and symptom fluctuations. Every manifestation of an item counted as 1 point. In cases of coma, the evaluation was cancelled. Therefore, patients with endotracheal tubes were evaluated as long as they were able to respond. During every evaluation, the BPS was assessed, and delirium evaluation did not proceed until the BPS was Ͻ5 points. Patients with an ICDSC score of 4 or higher were considered delirious, and those with a score of 3 or less were classified as nondelirious (Appendix 1). Sedation and the delirium subtype were assessed with the RASS (Appendix 2). All delirious patients with RASS scores from Ϫ3 to 0 were considered hypoactive, and those with scores from 1 to 4 were considered hyperactive. Patients with hyperactive and hypoactive symptoms on different days were considered to have mixed delirium. The assessment was performed daily by physicians who were trained to use the ICDSC and RASS.
The selection of the possible risk factors was based on clinical judgment and previous investigations. Risk factors were grouped according to the corresponding time period as pre-, intra-, and postoperative factors. The first category contained preoperative and predisposing factors, such as age, sex, comorbidities (eg, infections, diabetes, chronic heart diseases, chronic airway diseases, renal insufficiency, renal replacement therapy, pre-existing neurologic diseases, smoking, and alcoholism), preoperative medication (eg, ␤-blockers, diuretics, and anticoagulant agents), selected laboratory values (ie, creatinine, bilirubin, sodium, potassium, and hemoglobin), hemodynamic values (mean arterial pressure [MAP] , heart rate, and echocardiographic ejection fraction), and the EuroSCORE. 17 The EuroSCORE is a method of calculating predicted operative mortality for patients undergoing cardiac surgery (www.euroscore.org). This information was obtained from patients and their medical records.
In the intraoperative category, the type and duration of surgery, the type and duration of extracorporeal circulation, and selected laboratory (sodium, potassium, hemoglobin, pO 2 , pCO 2 , lactate, and glucose) and hemodynamic values (MAP and heart rate) were recorded. The parameters were gathered before, during, and at the end of the operation. The most variant value was recorded in the database. As a severity of disease classification system, the Acute Physiology and Chronic Health Evaluation II (APACHE II) was used to assess patients upon their arrival in the ICU. 18 Selected postoperative laboratory (ie, creatinine, bilirubin, sodium, potassium, hemoglobin, pO 2 , pCO 2 , lactate, and glucose) and hemodynamic (ie, MAP, heart rate, and cardiac output) values were collected daily, and the number of units of packed red blood cells transfused was noted. The transfusion decision was based on the patient's clinical condition and the judgment of the treating physician. The creatinine and bilirubin values were obtained upon arrival in the ICU and every morning for the first 3 postoperative days. Heart rate, MAP, and SpO 2 were recorded continuously, whereas the other parameters were recorded every 4 hours. The most variant value was listed in the database. The study also included postoperative complications, such as infections (diagnosed by a leukocyte count Ͼ12,000/mm 3 and fever Ͼ38.0°C), cardiac surgery-associated acute kidney injury (according to Mehta et al 19 ) , revision operations (because of bleeding or cardiac tamponade), and respiratory insufficiency (defined as arterial hypoxemia [pO 2 Ͻ 50 mmHg] and hypercarbia [pCO 2 Ͼ 50 mmHg]). At discharge from the hospital, the adverse outcome variables assessed consisted of the length of the ICU stay and the duration of mechanical ventilation (by standardized criteria of extubation). Furthermore, mortality data 5 months after surgery were collected.
All hypoactive delirious patients (with an ICDSC score of 4 or higher at least once and a RASS score from Ϫ3 to 0) were compared with those without delirium (with an ICDSC score of 3 or less). The sample size was selected based on previous studies and included the records of 500 patients. 7, 20 Furthermore, the minimum sample size per group was calculated based on the method described by Julious. 21 Because previous studies have shown that age is an independent risk factor for delirium, the results of the age parameter from Koster et al 7 were used to calculate the minimum sample size per group. Descriptive statistics (percentages for categoric data and means and standard deviations for continuous data) were used to examine the demographic characteristics of the study population. The baseline characteristics and the disease and laboratory variables between the hypoactive delirious patients and the nondelirious patients were compared using the independent sample t test or the Wilcoxon rank-sum test for continuous variables and the chi-square or Fisher exact test (if the total sample size was Ͻ10) for categoric variables. Univariate regression analyses were used for the selection of variables. Parameters with a p value Ͻ0.05 were included in multiple stepwise regression analyses. Factors with a prevalence of Ͻ10% in the hypoactive delirious group were not used for multiple regression analysis.
A multiple linear stepwise regression analysis model was used to identify the independent predictors of the outcome parameters (the length of ICU stay and the duration of mechanical ventilation). Five explanatory variables (sex, EuroSCORE, APACHE II, extracorporeal circulation, and hypoactive delirium) were chosen based on clinical judgment and previous investigations. Because histograms of the ICU stay and the duration of mechanical ventilation showed a skewed distribution, the data were transformed using a log scale. Analyses were performed using R (R Project for Statistical Computing, R Development Core Team, www.R-project.org). A p value Ͻ0.05 was considered to be statistically significant.
RESULTS
A total of 506 patients were screened. Because 39 patients were excluded because of coma or deep sedation, 467 patients ultimately were included; 42 patients were classified as hypoactive delirium, 6 as hyperactive delirium, and 6 as mixed delirium. Because the incidence of hyperactive delirium and the mixed form was too low for statistical analysis, the patients 969 HYPOACTIVE DELIRIUM were divided into 2 groups depending on whether they developed hypoactive delirium (42 patients) or no delirium (413 patients). Thirty-two patients displayed symptoms of hypoactive delirium on the 1st postoperative day. On the 2nd postoperative day, 8 patients exhibited the first signs of hypoactive delirium, whereas on the 3rd postoperative day, only 4 patients showed symptoms of hypoactive delirium for the first time.
The preoperative variables are presented in Table 1 . The average age of the patients with hypoactive delirium was 71.1 years compared with 66.4 in the group of patients without delirium (p ϭ 0.01). The group of patients with hypoactive delirium included significantly more women than the nondelirium group (p ϭ 0.02). The ratio of a history of depression was higher in the hypoactive delirium group than in the nondelirium group (p ϭ 0.04). Approximately 42.9% of the patients with hypoactive delirium were receiving therapy with ␤-blockers compared with 62% of patients without delirium (p Ͻ 0.01). Patients with hypoactive delirium had undergone preoperative therapy with diuretics more often than the nondelirium group (p ϭ 0.02). The EuroSCORE was significantly higher in the group of patients with hypoactive delirium, as was the incidence of emergency surgery (p ϭ 0.02). Other preoperative variables, particularly parameters of renal or liver impairment, did not show any statistically significant differences between the hypoactive delirium group and the group without delirium.
Overall, 14% of patients with hypoactive delirium underwent aortic surgery compared with 5% of patients without delirium (p Ͻ 0.01). The choice and type of extracorporeal circulation were not related to the incidence of hypoactive delirium. Although the duration of surgery did not differ significantly between the groups, the duration of aortic clamping (p ϭ 0.01) and the time to reperfusion (p ϭ 0.02) were significantly prolonged in the group of patients with hypoactive delirium. Furthermore, there was a significant difference between the lowest hemoglobin level before cardiopulmonary bypass (p ϭ 0.01) and the highest lactate level during the operation (p ϭ 0.01).
In contrast to the 1st and 2nd postoperative days, the immediate postoperative hemoglobin value differed significantly between the groups (p ϭ 0.04). The differences between the groups' sodium and potassium values were significant throughout the entire postoperative period ( Table 2 ). The glucose value on the 2nd postoperative day differed significantly between the groups (p ϭ 0.01). Lactate values differed significantly throughout the entire postoperative period, except on the 3rd postoperative day. Hemodynamic and respiratory variables showed no significant differences on any postoperative days, and all other values did not differ significantly on the 3rd postoperative day (data not shown). Patients with hypoactive delirium received more packed red blood cells than patients without delirium (p Ͻ 0.01). Moreover, the incidence of postoperative complications, such as CSA-AKI (p Ͻ 0.01), infections (p ϭ 0.02), or revision (p ϭ 0.03), was significantly higher in the group of patients with hypoactive delirium. Only 16.6% of the patients with hypoactive delirium were discharged to home compared with 44.1% of the patients without hypoactive delirium (p Ͻ 0.01). Mortality was higher in the group of patients with hypoactive delirium (p ϭ 0.04).
Variables deemed significant based on the univariate analysis were subjected consecutively to stepwise logistic regression analysis. The preoperative variables of age, history of depression, and preoperative therapy with diuretics were identified as independent predictors of postoperative hypoactive delirium. The variable emergency surgery was not an independent predictor of delirium. Furthermore, the duration of aortic clamping NOTE. All data were presented as mean Ϯ standard deviation. Abbreviations: CABG, coronary artery bypass graft; OPCAB, off-pump coronary artery bypass; OR, odds ratio; CI, confidence interval.
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and blood transfusion were found to be independent predictors of postoperative hypoactive delirium. As Table 3 shows, 2 variables were associated with a significantly lower prevalence of hypoactive delirium. Of note, preoperative therapy with ␤-blockers had a protective effect against hypoactive delirium. As Table 2 shows, the time on mechanical ventilation was significantly longer in the group of patients with hypoactive delirium. Furthermore, patients with hypoactive delirium stayed longer in the ICU than patients without delirium. The stepwise multiple linear regression model identified hypoactive delirium and APACHE II as independent predictors of prolonged mechanical ventilation in this investigation. However, surgery without extracorporeal circulation was associated with a significantly lower prevalence of prolonged ventilation (Table 4) . Although hypoactive delirium, EuroSCORE and APACHE II were independent predictors of the length of the ICU stay, surgery without extracorporeal circulation was associated with a significantly shorter duration of stay in the ICU (Table 5) . 
DISCUSSION
The overall incidence of delirium was 11.6% in the present study. This figure falls well within the previously established range of 5% to 30% reported by previous cardiac surgery studies. 4, 22 The incidence of the hypoactive subtype was 8.99%. In the present study, nearly 80% of all delirious patients were assigned to the hypoactive subtype, whereas previous studies in geriatric units have found hyperactive or mixed forms of delirium in most cases. 14 One reason for the high incidence of hypoactive delirium in this study may have been the use of a standardized screening method for the delirium subtypes. Clinical assessment alone results in a lower incidence of postoperative delirium diagnoses, particularly of hypoactive delirium. 23, 24 Because delirium evaluation should be incorporated easily into the daily routines of hospital staff, the CAM-ICU and the ICDSC are appropriate for evaluating patients in the ICU. Although the CAM-ICU requires the patient to answer several questions, the ICDSC necessitates no cooperation by the patient. For these reasons, it is possible that false diagnoses of delirium occur with the CAM-ICU in sedated patients. 25 Furthermore, the ICDSC has displayed a higher specificity and positive predictive value than the CAM-ICU in a mixed ICU. 26 In addition, the assessment of consciousness and psychomotor retardation by the ICDSC may enable a better recognition of hypoactive delirium. 25 Age was identified as an independent risk factor for the development of hypoactive delirium. Old age is a well-known risk factor for any type of delirium in cardiac surgery. 22, 27 The EuroSCORE was not significant in the multiple regression analysis although it was described as a risk factor for cardiac surgery-associated delirium in a previous study. 7 Because the EuroSCORE is a summation of preoperative risk factors and these risk factors are not predictors of hypoactive delirium, the EuroSCORE was not a predictor in the present study. Several studies have shown a history of depression as a predictor of delirium after cardiac surgery. 6, 28 The present study was the first to show that a history of depression is also a predictor of hypoactive delirium after cardiac surgery. The present results revealed that preoperative medication with diuretics was a predictor of hypoactive delirium, whereas medication with ␤-blockers was associated with a significantly lower prevalence of hypoactive delirium. Although the pathophysiology of psychomotor hyperactive delirium could be explained by a dopamine-acetylcholine neurotransmitter imbalance, the pathophysiology of hypoactive delirium likely involves other neurotransmitter systems. 29, 30 Therefore, pharmacologic interactions with neurotransmitters differ between the types of delirium, and medications such as diuretics or ␤-blockers show different efficacies as predictors of the type of delirium.
The duration of aortic clamping was a strong predictor of cardiac surgery-associated hypoactive delirium in the present study. This result may indicate that a prolonged duration of extracorporeal circulation is associated with an increased risk of neurologic injury caused by cerebral ischemia or inflammation and a higher rate of gaseous and particulate microemboli. 27, 31 According to the present results, the type of extracorporeal circulation (ECC or MECC) or its avoidance (off-pump coronary artery bypass) did not influence the occurrence of hypoactive delirium. This result is consistent with previous studies on postoperative cognitive dysfunction. 32 The authors speculated that the duration of extracorporeal circulation and surgery, not the choice of extracorporeal circulation or its avoidance, was the major determinant of the incidence of postoperative delirium. Consistent with previous studies, the type of surgical procedure was not an independent predictor of hypoactive delirium in the present investigation. 6, 33 In contrast, several studies have shown that cardiac valve surgery results in a higher incidence of delirium than coronary artery bypass surgery. 5, 34 Although this discrepancy may be caused by a different study design, further investigation is necessary to resolve this issue.
Consistent with previous findings, the perioperative rate of blood transfusion was an independent predictor of hypoactive delirium, whereas higher preoperative hemoglobin values indicated a lower prevalence of hypoactive delirium. 8 A higher volume of intraoperative blood loss may be responsible for the higher transfusion rate and thus for the increased risk of hypoxemia in the central nervous system. 35 Identifying patients with a higher risk for developing delirium is critical for reducing the incidence of delirium and enabling specific perioperative measures such as choice of medication and prophylactic interventions. Although preoperative risk factors, such as age and a history of depression, enable proactive intervention strategies, intraoperative risk factors (eg, aortic clamping time and blood transfusion) facilitate early postoperative multicomponent intervention to prevent postoperative delirium. 36, 37 A further aim of this study was to identify the hypoactive subtype of postoperative delirium as an independent predictor of outcome variables, such as prolonged duration of mechanical ventilation and longer ICU stay, using multiple linear regression analyses. The use of extracorporeal circulation and the incidence of postoperative hypoactive delirium increased the duration of mechanical ventilation. The authors suggest that the prolonged duration of mechanical ventilation in patients with hypoactive delirium is caused by limited consciousness and limited coordination between the respiratory system and the brain, leading to a longer time of rehabilitation. Although delirium already has been described as an independent predictor of prolonged duration of ventilation, the present results showed, for the first time, that hypoactive delirium is an independent predictor.
Hypoactive delirium and high scores on the EuroSCORE and APACHE II were independent predictors of increased ICU stay. The significance of hypoactive delirium on increased ICU stay after cardiac survey was shown for the first time in this 
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STRANSKY ET AL study. Identifying these 3 risk factors for a prolonged ICU stay is important because such patients require much more attention from health personnel and more intensive therapy. This investigation had several limitations. The criteria for inclusion resulted in a mixed population of cardiac surgery patients. Therefore, the study group was not treated entirely uniformly. The low incidence of hyperactive delirium and mixed-form delirium in the present population, compared with previous studies, did not allow the authors to draw conclusions about risk factors for these subtypes. The authors attempted to form a logical and comprehensive statistical model based on pre-, intra-, and postoperative factors. The individual effect of a single factor in the onset of hypoactive delirium after cardiac surgery was difficult to extract because all of the factors interacted in a complex way. The design of a predictive model based on a single factor excludes many related factors. When comparing this report to further studies using other delirium screening tools, the delirium assessment (ICDSC and RASS) and the criteria for inclusion must be noted.
CONCLUSION
This research outlined the risk factors, which were divided into pre-, intra-and postoperative factors, for hypoactive delirium after cardiac surgery. Multiple risk factors included patients' age, history of depression, preoperative diuretics, duration of aortic clamping, and the number of blood transfusions. However, higher hemoglobin levels before surgery and preoperative therapy with ␤-blockers were associated with a significantly lower prevalence of hypoactive delirium. Some of these factors can be used to develop preventive approaches. Hypoactive delirium is itself a strong independent predictor of the duration of mechanical ventilation and a longer ICU stay after cardiac surgery. Therefore, further investigations into the prevention and therapy of hypoactive delirium are necessary. The present results suggested that delirium screening after cardiac surgery and the differentiation of the hypoactive, hyperactive, and mixed subtypes is essential. These findings are the basis for future research on the risk factors of the hyperactive and mixed delirium subtypes.
The scale was completed based on information collected from each 8-hour shift or from the previous 24 hours. Obvious manifestation of an item ϭ 1 point; no manifestation of an item or no assessment possible ϭ 0 points. The score of each item (0 or 1) was entered in the corresponding empty box.
1. Altered level of consciousness: (A) No response or (B) the need for vigorous stimulation to obtain any response signified a severe alteration in the level of consciousness that precluded evaluation. If there was coma (A) or stupor (B) most of the time, a dash (-) was entered, and there was no further evaluation during that period.
(C) Drowsiness or requirement for mild-to-moderate stimulation for a response implied an altered level of consciousness and scored 1 point.
(D) Wakefulness or a sleeping state from which the patient could be easily aroused was considered normal and scored no points.
(E) Hypervigilance was rated as an abnormal level of consciousness and scored 1 point.
2. Inattention: Difficulty in following a conversation or instructions, easy distraction by external stimuli, or difficulty in shifting focus scored 1 point.
3. Disorientation: Any obvious mistake in time, place or person scored 1 point.
4. Hallucination, delusion or psychosis:
The unequivocal clinical manifestation of hallucination or behavior that was likely caused by hallucination or delusion (eg, trying to catch a nonexistent object) or gross impairment in reality testing scored 1 point.
5. Psychomotor agitation or retardation: Hyperactivity requiring the use of additional sedative drugs or restraints to control potential danger to oneself or others (eg, pulling out intravenous lines or hitting staff), hypoactivity, or clinically noticeable psychomotor slowing scored 1 point.
6. Inappropriate speech or mood: Inappropriate, disorganized, or incoherent speech or inappropriate display of emotion related to events or situation scored 1 point.
7. Sleep/wake cycle disturbance: Sleeping Ͻ4 hours or waking frequently at night (wakefulness initiated by the medical staff or loud environment was not considered) or sleeping during most of the day scored 1 point.
8. Symptom fluctuation: Fluctuations in the manifestation of any item or symptom over 24 hours (eg, from one shift to another) scored 1 point. 
